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THE AGE OF THE LASALLE ANTICLINE 1

J. Norman Payne

Illinois State Geological Survey, Urbana, Illinois

The LaSalle anticline has been de-

scribed in various papers throughout the

last century, but the most thorough and
comprehensive investigation was made
by G. H. Cady whose results were pub-

lished in Bulletin 36 of the Illinois State

Geological Survey in 1920. The more re-

cent study of numerous sets of addi-

tional well cuttings has added a great

deal to our information on the age of

folding of the LaSalle anticline.

Cady gives the history of the deforma-
tion in LaSalle County as follows: 1

1. Deformation during or after
"Lower Magnesian" time, the nature and
extent of which is not fully understood.

2. Slight deformation during or after

St. Peter time, along the axis of the
anticline causing an unconformity be-

tween it and the overlying Platteville

dolomite.

3. Deformation some time after
Silurian and probably after Devonian de-

position.

4. Deformation during and after

Pennsylvanian time.

The "Lower Magnesian" consists of

the Shakopee, New Richmond, and Oneota
formations. A study of the thickness of

the Shakopee and New Richmond forma-

tions shows no thinning over the crest of

the LaSalle anticline, but there is a thin-

ning over a cross-fold that extends in a

northeasterly direction from a point

south of Peru through Ottawa. There is

also thinning and complete removal of

the Shakopee and New Richmond forma-
tions over the Kankakee Arch. Conse-
quently, it appears that the LaSalle anti-

cline was not present in pre-St. Peter
time.

The cross-fold appears to have moved
recurrently during Maquoketa and
Silurian time, and possibly during or at

the close of St. Peter time. If such post-

St. Peter pre-Platteville movement took
place, the Glenwood and lower Platte-

ville beds might be absent from this zone
and would be related to this structure
rather than to the LaSalle anticline. This

would better explain the fact that Glen-

wood beds are found in considerable

thicknesses to the north and south of the

Ottawa area.

The conclusion that the LaSalle anti-

cline was not formed in Ordovician time
is supported by the fact that there is no
thinning of the Galena-Platteville forma-
tions toward the anticline, except where
they have been affected by post-Silurian

pre-Pennsylvanian and later erosion

(Fig. 1). The distribution and thickness
of the Glenwood formation is not re-

lated to the LaSalle anticline. Also,

shoreline facies along the flanks of the

structure have not been noted in forma-
tions below the Pennsylvanian in the

LaSalle County area.

The question may be raised as to the

possible Silurian or Devonian age of the
structure. This possibility, however, is

discounted by the fact that well records
show the Devonian and Silurian strata

to be thicker on the crest of the anticline

in Crawford County than west of the
anticline in southern Effingham County.

Lower Mississippian and Chester strata,

where unaffected by post-Chester pre-

Pennsylvanian erosion, bear no relation

to the anticline but instead show a
progressive thinning toward the eastern
edge of the Illinois basin.

The cross-section AA' is drawn from
Depue eastward to Wilmington. The
divergence in dip between the Pennsyl-
vanian and the older formations and the
overlap of the Silurian by the Pennsyl-
vanian strata show that the first major
deformation was certainly post-

Silurian. As a result of the first move-
ment the minimum differential elevation

in this area was 900 feet.

In the vicinity of Tuscola in Douglas
County the minimum differential eleva-

tion caused by the first movement was
about 1400 feet for here the Pennsyl-
vanian sediments overlap Mississippian

formations from the Chester down to the
lower Osage.

111.*Cady, G. H. The Structure of the LaSalle Anticline
171-177 (1920).

* Reprinted from the Transactions, Illinois State Academy of Science, vol. 32
Dec. 1939, pp. 171-3, 1940.

Geol. Survey Bull. 36, pp.

No. 2,
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Cross-section BB' taken from south of

1 n e y eastward through Lawrence
County shows definitely that the initial

movement took place in post-Chester pre-

Pennsylvanian time for 400 feet of strata

were eroded from the crest of the struc-

ture and the Pennsylvanian sediments

were deposited overlapping Chester beds

from the Menard-Vienna to the Glen

Dean.
Cross-section CC from Edwards Coun-

ty, Illinois, to Knox County, Indiana,

shows a distinct flattening of the western

flank of the fold and a decrease in the

magnitude of the initial deformation, the

minimum differential elevation being

about 250 feet.

Later deformation of the LaSalle anti-

cline took place during and after Penn-
sylvanian time. Additional detailed work
on Pennsylvanian stratigraphy will show
whether the maximum deformation of the

Pennsylvanian beds took place during or

after the close of the period.

It is concluded that the initial deforma-
tion took place in post-Chester pre-

Pennsylvanian time, and that the

area of maximum deformation moved
progressively southward from the LaSalle

area, with the maximum differential ele-

vation occurring in the first pre-Pennsyl-

vanian movement in LaSalle and Douglas
counties, and after Pennsylvanian depo-

sition had begun in Lawrence and
Wabash counties.

PEOGEESS IN GEOLOGIC MAPPING OF ILLINOIS, 1839-1939*

J. Marvin Weller

State Geological Survey, Vroana, Illinois

It is interesting historically that the

first discovery of coal in North America
was made in Illinois by Father Hennepin
in the latter part of the seventeenth

century. This can hardly be considered

the beginning of geology in our State,

however, because geological science did

not make its appearance until another

two hundred years had passed.

In the early part of the nineteenth

century several exploring expeditions

mostly organized by various agencies of

the Federal Government passed through
Illinois. Some of these parties included

naturalists, and more or less unrelated

geological observations were included in

the published reports of their findings.

The first systematic study of the

geology of any part of Illinois, however,
was undertaken by David Dale Owen in

1839 for the Federal Land Office. His
first report on the lead region centering

around Galena, Illinois, and including

adjacent parts of Wisconsin and Iowa
was published in 1844. Included in this

report was a map showing the extent of

the Illinois Coal Field which was the
first map showing with any accuracy any
of the major geological features of the

State.

In 1851 the first Geological Survey of

Illinois was organized with Dr. J. G. Nor-

wood as State Geologist. His studies cov-

ered the entire State and in 1858 he pub-

lished a colored geological map on a scale

of 50 miles to one inch. This map shows
with a fair degree of accuracy the distri-

bution of Silurian (including Ordovician

=Lower Silurian), Devonian, Mountain
Limestone (Middle Mississippian), Mill-

stone Grit (Upper Mississippian or

Chester), Coal Measures (Pennsyl-

vanian), and Tertiary (including Cre-

taceous) rocks and was a very creditable

piece of work for that time.

Norwood was succeeded by A. H.

Worthen in 1858 and field work was con-

tinued until 1872. In 1875 Worthen pub-

lished a geological map of the State on
a scale of about 6 miles to one inch. The
geological divisions recognized differed

from Norwood's in that the St. Peter

sandstone and Lower Magnesian lime-

stone, Trenton Group (Galena-Platte-

ville), Cincinnati Group (Maquoketa

shale) and Upper Silurian-Niagara

Group (Silurian) are differentiated, the

Lower Carboniferous (Mississippian) is

not subdivided and the Coal Measures

(Pennsylvanian) is shown in two divi-

sions.

The present Illinois State Geological

Survey was organized in 1905 and in 1906

* Reprinted from the Transactions, Illinois State Academy of Science, vol. 32, No. 2,

Dec. 1939, pp. 173-4, 1940.
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a new geological map prepared by
Professor Stuart "Weller on a scale of 12

miles to one inch was published. This

was quite similar to Worthen's map of

1875. A few errors in Worthen's map
were in some measure corrected but in

some respects this map was less accurate

than the preceding one. This map, re-

vised and republished in 1907, differed

from the map of 1906 principally by the

addition of important alluvial areas and
the abandonment of a two-fold division

of the Pennsylvanian. Corrections re-

sulting from field studies were made in

parts of Calhoun and Jersey counties and
to a lesser extent in the vicinity of Rock
Island.

A new geological map was prepared

and published at a scale of 8 miles to one

inch by the Survey in 1912. The changes

made were of minor importance except

for revisions of the Silurian and various

Ordovician boundaries in the northwest

corner of the State, the differentiation

and separate mapping of the Upper
Mississippian (Chester), the more ac-

curate delineation of the Mississippian

and Pennsylvanian boundary in south-

western Illinois and the inclusion of ad-

ditional alluvial areas along the principal

streams in the southern part of the State.

The last geological map appeared in

1917. It is principally distinguished

from the last by revision of the Silurian

and Ordovician boundaries in northeast-

ern Illinois and the much more accurate

representation of the distribution of

Chester beds in southern Illinois which
resulted from the extended field investi-

gations of Professor Weller.

Since 1917 an extensive program of in-

vestigations has covered nearly the
whole State. This has involved the de-

tailed mapping of many quadrangles,
reconnaissance field work elsewhere, and
the careful study of many well records.

Now, after more than 20 years, a new
geological map has been prepared and
preliminary copies will soon be ready for

distribution. The new map shows the
more important alluvial areas of

Pleistocene and Recent age, Tertiary and
Cretaceous beds of southern Illinois are

distinguished separately, the Pennsyl-
vanian system is subdivided into seven
parts, and five divisions of the Mississip-

pian are shown. As on the last map, the
Devonian and Silurian systems are not
subdivided and three units of the Or-

dovician are recognized. Finally, the

small area of Cambrian outcrop now
known to occur near Dixon is dis-

tinguished.

THE COVEL CONGLOMERATE, A GUIDE BED IN THE
PENNSYLVANIAN OF NORTHERN ILLINOIS*

H. B. WlLLMAN

Illinois State Geological

An important guide bed in the Penn-
sylvanian system in Northern Illinois is a

thin but persistent limestone conglom-
erate for which the name Covel is pro-

posed because of outcrops along Covel
Creek south of Ottawa. The Covel con-

glomerate is exposed at many places

along Illinois Valley and tributary

streams between Morris and LaSalle. It

also occurs near Cambridge, Galesburg,
Peoria, and Danville but has not been
found in the southern part of the State.

A limsstone conglomerate is reported to'

occur at this horizon in central Iowa.
Stratigraphy—The Covel conglomerate

occurs at the top of the Summum
cyclothem and a short distance below
No. 5 coal in the overlying St. David

Survey, Uroana, Illinois

cyclothem. In the upper Illinois Valley

the conglomerate is underlain by light

greenish-gray calcareous clay of marine
origin and is overlain by 4 to 6 inches

of dark gray thin-bedded shale contain-

ing traces of plants and impressions of

Estheria and is probably a brackish or

fresh-water deposit. Farther west in the

Peoria and Cambridge areas this shale is

replaced by the underclay of No. 5 coal

and the conglomerate is overlain by clay.

No similar conglomerate has been found
in the Pennsylvanian strata of northern
Illinois and the distinctive character of

the bed enabled its correlation from out-

crops near Peoria and Cambridge across

a 50-mile interval, in which it is deeply

buried, to outcrops in the upper Illinois

* Reprinted from the Transactions, Illinois State Academy of Science, vol. 32, No. 2,

Dec. 1939, pp. 174-6, 1940.
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Valley near LaSalle. By reference to this

bed the absence of No. 5 coal in the up-

per Illinois Valley was established, and
this fact, together with others, showed
that the "Second Vein" coal of that re-

gion, previously correlated with No. 5

coal of Western Illinois, should be cor-

related with the No. 6 coal.

Thickness The conglomerate varies

from a trace to about 1 foot thick but is

usually V2 inch to 2 inches thick. It is

notably lenticular so that it is discon-

tinuous in almost every outcrop but is

entirely absent in few outcrops.

Fig. 1. -Typical specimen of Covel
conglomerate.

Size of pebbles—The largest pebbles in

the conglomerate are usually 1 to 2

inches in diameter, but cobbles as large

as 6 inches in diameter have been found.
The conglomerate contains few fine sand
grains and grains smaller than *4 mm.
in diameter are not common. At places
the coarse sand grains predominate and
the bed is a pebbly sandstone.

Composition—Usually more than 75 per

cent of the pebbles and sand grains are

composed of very fine-grained dense
limestone which contains few impurities.

Pebbles of siliceous and argillaceous lime-

stone are present at most places and
fragments of calcareous silty clay occur
locally. The limestone pebtles differ in

color from very light gray to nearly
black. Generally the dark gray lime-

stone pebbles compose the greater part
of the conglomerate, but a few light-

colored pebbles occur at nearly every
locality and locally they are abundant.
Rounded and frosted grains of quartz

as large as one-half millimeter in

diameter are common at many places.

Shapes—Most of the pebbles have ir-

regular shapes and are marked by
numerous nodular protrusions (see

fig. 1). The surfaces are generally

smooth and rounded. The smaller

pebbles and most of the sand grains are

well rounded and some are almost
spherical. Sharply angular lath-shaped

fragments are locally abundant and al-

most always present.

Sorting—The conglomerate is poorly

sorted although much coarser in some
areas than others. Locally the sand
grains show a lateral gradation in grain

size.

Orientation

—

Nearly all the pebbles

have their long axes approximately

parallel to the bedding. The lath-shaped

pebbles frequently are tilted at various

angles.

Matrix—The spaces between the peb-

bles and sand grains are filled with

finely crystalline pyrite, clear coarsely

crystalline calcite, or fine-grained lime-

stone. At some places the calcite forms

a single crystal enclosing all the grains

in sections an inch or more in diameter.

Where limestone forms the matrix

material the pebbles are often less

closely packed and locally such areas

grade into limestone containing scat-

tered pebbles.

Fossils At a few places the conglom-

erate contains many brachiopods and

crinoid stems. Gastropods, pelecypods,

bryozoa, trilobites, and conodonts are

also present. These fossils occur in the

matrix and have not been found in the

pebbles. At some places the upper sur-

face of the conglomerate is covered by

algal growths in irregular-shaped

patches from a few inches to 2 feet or

more in diameter. The algal growths

consist of laminated calcite and are %
to 1 inch thick. They conform to the

irregular surface of the conglomerate

rising over the projecting pebbles with-

out diminished thickness. The upper

surface of the growths is about equally

divided into intricately branching ridges

and pits. The ridges are mostly 1 to

2 mm. wide and about 1 mm. high. This

particular structure occurs at several

localities and may be characteristic of

the species of alga which produced it.

Some of the pebbles in the conglomerate
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also show a fine network of cells and are

probably algal growths. Many of the

other pebbles have faint traces of band-

ing and irregular wavy structures which
suggest an organic origin and may also

be algal.

Origin The presence of marine fossils

in the matrix of the conglomerate indi-

cates the deposition of the conglomerate

in a marine environment. The source of

the pebbles and sand grains is less evi-

dent. That most of the pebbles were not

formed at the place where they now
occur but were transported at least a

short distance is suggested by (1) local

sorting by grain size, (2) variation in

the composition of the pebbles, (3) the

presence of angular lath-shaped frag-

ments oriented in various directions, (4)

the presence locally of pebbles of cal-

careous clay derived from the underlying

formation, and (5) the conglomeratic
structure showing that most of the

materials were consolidated when de-

posited.

That the pebbles were not transported

any great distance is suggested by the

fact that most of the pebbles have nodu-

lar surfaces, not water-worn shapes, and
by the large size of the pebbles and
their relative softness. In this connec-

tion the absence of dolomite and chert

makes it improbable that the material

was derived from areas to the north,

while the absence of mica and quartz

sand is evidence against the pebbles be-

ing derived from the areas which fur-

nished the other clastic materials de-

posited during Pennsylvanian times.

The conclusion seems justified that

the source of the pebbles was at no
great distance from the place where they

were deposited. The limestone nodules

in the clay below the conglomerate are

light greenish-gray and are not a pos-

sible source for the dark-colored pebbles

which predominate in the conglomerate.
It follows, therefore, that most of the

pebbles must be derived from material
deposited after the deposition of the un-
derlying shale and immediately before or
during the deposition of the conglom-
erate. With a few exceptions, however,
the pebbles were formed of material
which was consolidated so that no in-

terpenetration of the pebbles occurred at

their contacts when deposited.

Some of the pebbles are fragments
broken from algal structures or from the
limestone associated with the conglom-
erate. Many of them, however, appear to

be nodules formed by algal growths. A
few have a well-preserved cellular struc-

ture. Others have indistinct structures
which may be of organic origin. In ad-
dition to the characters previously
mentioned, an organic origin for most of

the pebbles is suggested by (1) content
of organic matter giving them a dark
color, (2) freedom from argillaceous im-
purities, and (3) the rounded forms. The
rounded forms might indicate a con-

cretionary origin, but only a few of the
pebbles have concentric or radial struc-

tures which might be concretionary.

The rounded grains of quartz sand
which are scattered through the conglom-
erate may have been carried into the

area by sand-eating animals. None of

the Pennsylvanian sandstones of the

area contains sand grains so large, and
the animals must have carried them from
distant areas.

Locally the pebbles were deposited in

a fine-grained lime mud but more com-
monly they accumulated as a porous ag-

gregate. Waters circulating through the

conglomerate deposited pyrite and cal-

cite filling most of the openings between
the pebbles. Usually pyrite was de-

posited first, forming shells around the

pebbles and the remaining spaces were
filled with clear calcite. Less commonly
pyrite entirely filled the spaces and
locally it replaced the pebbles. At most
places the conglomerate is so firmly

cemented that it breaks across the

grains.

The question may well be raised

whether or not this bed should be called

a conglomerate or a limestone. In

chemical composition it is a limestone.

Texturally it is a conglomerate, or in

places a pebbly sandstone. From the

viewpoint of origin it is perhaps a

boundary-line case. However, as some
of the pebbles are obviously broken

fragments of rocks, and as the character

of the deposits indicate some transpor-

tation for the pebbles, its designation as

a conglomerate is more descriptive of

both textural and genetic characters than

if termed a limestone.
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SILURIAN ROCKS OF SOUTHERN ILLINOIS
John R. Ball

Northwestern, University, Evanston, Illinois

E. 0. Ulrich gave the Bainbridge for-

mation in Missouri its name in 1904, and
at that time mentioned its occurrence in

localities north and south of Thebes, Illi-

nois.
1 The original application of the

term apparently included strata of both
the Alexandrian and Niagaran series in

Missouri and Illinois. T. E. Savage in

subsequent studies differentiated the two
series and discussed the lithology and
paleontology of the Alexandrian series.

2

Josiah Bridge and others, including Flint

and Ball, have differentiated the Niagaran
and Alexandrian series in southeastern
Missouri.3

The writer has undertaken a restudy

of the Niagaran strata in southeastern

Missouri and in southern Illinois in or-

der to delimit more exactly, if possible,

the correlation of the Missouri and Illi-

nois rocks with the Niagaran of western
Tennessee. This correlation has been
suggested previously by Ulrich, Foerste

and others and it seems desirable to carry

to some further extent the studies once in-

itiated along this line.

In connection with this project some
reconnaissance work has been done in

Illinois, and this brief report presents the

distribution of the Bainbridge formation
in Alexander and Union Counties known
to the writer. The following locations

have been visited:

1. Outcrop in water of Orchard
Creek, under bridge in SW 1^,
NW%, sec. 21, T. 15 S., R. 3 W.,
nearly 1% miles south of Thebes.

2. Farmyard of Gerald Clutts, NEVi
sec. 21, T. 15 S., R. 3 W.

3. In tributary to Orchard Creek,

SW14, SE14, sec. 21, T. 15 S„ R.

3 W.
4. Railroad cut near location 1, in

the NW14, SW14, sec. 21, T. 15 S.,

R. 3 W.
5. Bed of Orchard Creek, SE%,

SE14, sec. 21, T. 15 S., R. 3 W.

6. Cut along gravel road, south line

of sec. 21, SW14, T. 15 S., R. 3 W.
7. Gully north of "Powder Mill Hol-

low," near center SE^i, sec. 28,

T. 15 S., R. 3 W., fork of tribu-

taries near head of main gully.

8. In fault block, Railroad cut, SE14,
SEiA, sec. 28, T. 15 S., R. 3 W.

9. Fault zone, "Powder Mill Hol-

low," SE14, SE14, sec. 28, T. 15 S.,

R. 3 W.
10. On south fork of Salaman Creek,

SW14 and SE14, sec. 2, T. 15 S.,

R. 3 W.
11. On north fork of Salaman Creek,

NE14, SW%, sec. 2, T. 15 S., R.

3 W.
12. In farm yard of Nathaniel King,

NWy4 , NEVi, sec. 28, T. 13 S.,

R. 2 W., Union County, Illinois.

The lithology of the Bainbridge forma-

tion is well described by the term once

used for its Tennessee counterparts, the

"variegated beds." In places it is a pure,

compact limestone, with a large admix-

ture of reddish coloring material. Else-

where, possibly in the same exposure, it

is a very impure, argillaceous limestone,

or a red or purple shale. A mottled

color of the rock is its common aspect,

with areas of grayish green in a red mat-

rix, or, areas of red in a gray background.

Extended streaks of grayish-green color-

ing follow along a joint for many yards

in some stream beds or in vertical sec-

tions.

In its basal strata the rock is massive

and resistant, and commonly quite dense

in texture. Above the basal portion a

shaly phase of the limestone, or a thinly

banded shale may occur. About midway
in the type section some massive beds

occur and above these is a 10-foot horizon

of dark Cyrtograptus-be&ring shale. This

shale is observed in the nearby outcrops

but apparently is not of wide distribu-

* Reprinted from the Transactions, Illinois State Academy of Science, vol. 32, No. 2,

Dec. 1939, pp. 164-5, 1940.
1 Personal communication, E. O. Ulrich, The Quarrying Industry of Missouri, Missouri

Bureau of Mines, Vol. II, 2nd Series, pp. 110-111, 1904.
2 Savage, T. E., Pre-Devonian of Southern Illinois, Bull. 111. Geol. Surv., 16, p. 336, 1910.
3 Flint, R. F., and Ball, J. R., Revision of the Silurian in Southeastern Missouri, Jour.

Geol., Vol. XXXrV, pp. 248-256, 1926.
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tion. Above the shale an impure earthy

limestone and shale occurs, commonly
green in color. And, at the top, are a

few strata of well-bedded red or purple

limestone.

The green limestone and shales are ex-

posed in several outcrops in southern Illi-

nois and seem to be more widely distribu-

ted there than in southeastern Missouri.

The green limestones are apparently in-

tergradational with the overlying Bailey

and a sharp contact between the two for-

mations has not been observed in this

locality.

Distribution and Extent—The scattered

outcrops of the Bainbridge range from
the south half of section 28 in T. 15 S.,

R. 3 W. to the north part of section 28

in T. 13 S., R. 2 W., a distance of about
13 miles. A distance of about 8 miles

separates the one exposure thus far

known in Union County from the ones
in Alexander County, southeast of Gale.

A further somewhat unique occurrence of

the formation is known to be in the bed
of the Mississippi River. Dredging oper-

ations in December of 1938 were bringing
the Bainbridge in massive blocks from
the bed of the river. The stone is used
in a wing dam on the Missouri side. The
place of the dredging operations is ap-

proximately in the center of section 28,

T. 15 S., R. 3 W., assuming that that
section were projected into the river bed.

This midstream occurrence evidently is

incorporated in some of the fault blocks
of the region.

The author is indebted to L. E. Work-
man of the Illinois State Geological Sur-

vey for information concerning the sub-

surface extent of the Bainbridge forma-
tion in the state. He writes that the
shaly, fine-grained red Bainbridge lime-

stone is found as far north in Illinois as

the northern part of Bond and Lawrence
counties and through the center of Effing-

ham County. This extends the formation
northerly for about 100 miles from the

Alexander-Union County line, and north-

easterly for about 150 miles. Workman
states further that north of these limits,

as in Clark County, traces of the reddish
rock appear in the samples, but that there

is no appreciable thickness. This report

points to the reddish Bainbridge as far

north on the east side of the state as

the gray dolomites in the vicinity of

Grafton are on the west side.

The Bainbridge occurs in association

with the Alexandrian Brassfield or Sex-

ton Creek formation in half the number
of out-crops cited in this discussion. The
Brassfield occurs in isolated, boulder-like

masses along creek beds and near fault

traces. Weathering and erosion have at-

tacked the Brassfield very effectively and
it is not as extensive in this part of

Alexander County as is the Bainbridge.

In the Union County vicinity, the Brass-

field apparently is of considerable thick-

ness in the slopes west of the Bainbridge

occurrence.

The average thickness of the forma-

tion, which in Missouri is about 130 feet,

is not shown in the Alexander County
outcrops. A section of only 9 feet is seen

at low water in Orchard Creek.4 This

outcrop evidently is near the top of the

formation. Greater thicknesses are dis-

played in "Powder Mill Hollow," where
the rock is disturbed by faulting, and
in the gully north of the "Hollow." A
possible thickness of about 50 feet may
be estimated in "Powder Mill Hollow",

based on plane table readings and with
no allowance for dips. About the same
thickness seems evident in the gully

north of the "Hollow" and in this gully

the waterfall descent of the stream bares

a cliff of something more than 15 feet in

height. About 3 miles northeast of these

occurrences the Bainbridge, exposed at

the stream level of Salaman Creek, rises

for apparently 40 feet or more into the

slopes of the valley wall. Probably it is

of considerable thickness also in Union
County but is concealed by undergrowth.

The Bainbridge is among the cal-

careous rocks which have been tested for

rock wool possibilities by local interests.

A number of citizens of Thebes are in-

terested in its commercial possibilities,

and the author in his inquiries has re-

ceived much help from Mr. E. L. Holli-

day, Mr. J. E. Rimer, and Mr. Clutts, of

Thebes, Illinois.

4 Ball, J. R., Type section of Bainbridgre formation of southeastern Missouri, Bull.
A. A. P. G., vol. 23, p. 598, 1939.
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SOME GEOLOGICAL FACTORS IN THE LOCATION AND
CONSTRUCTION OF THE LAKE SPRINGFIELD DAM*

George E. Ekblaw

State Geological Survey, Urbana, Illinois

Geology entered into the choice of loca-

tion and the construction of the Lake
Springfield dam at four separate stages

in the development of the project. It

was a factor in the selection of one of

three valleys considered as possible

reservoirs; it was one of the factors that

determined the best site for a dam across

the chosen valley; it had its place in

guiding the design of the dam and spill-

way; and it was of prime importance in

indicating the nearest sources of de-

sirable material for the dam.

A surface water supply for the City of

Springfield had been discussed for some
years before the project was begun in

1928. The three valleys that were con-

sidered as potential reservoirs were the
Sangamon, with a damsite at Peabody,
five miles north and three miles east of

Springfield; the South Fork, with a dam-
site west of Rochester, five miles east

and three miles south of Springfield; and
Sugar Creek, with a damsite about three
miles south and three miles east of

Springfield. Preliminary borings were
made at all three locations.

The three sites were alike in that they
are flat-bottomed valleys. The lower part
of the valleywalls consists of bedrock be-

longing to the Pennsylvanian system, and
the bedrock is covered by glacial drift

mantled by weathered loess. The sites

differed in that the bedrock is not the
same at all three localities nor is the
material comprising the valleybottoms
the same.

In Sangamon valley, the valleybottom
material is mainly sand and gravel, a
fact already fairly well known; in South
Fork valley it consists of as much as 40
feet of clay and sand in discontinuous
lenses; and in Sugar Creek valley it con-
sists of a downward succession of con-
sistent layers of (1) black loam, 5 to 6

feet thick, (2) noncalcareous yellowish
silt averaging 14 feet thick, (3) cal-

careous, bluish-gray silt averaging 18

feet thick, and (4) V2 to 4% feet of

gravel lying on sandstone bedrock. Along
the east side of the valley the upper
part of the bluish-gray silt is replaced

by 8 to 10 feet of black clay and marl.

The more favorable condition of the

valleybottom in Sugar Creek valley was
one of the factors that determined its

eventual selection as the reservoir site.

After Sugar Creek valley had been
chosen, it became necessary to ascertain

the most favorable damsite. For this

purpose numerous additional test-borings

were made across the valley at possible

sites for the principal dam and also at

the low narrow divide between South
Fork and Sugar Creek valleys, where
another dam was required to complete
the reservoir. Still more borings were
made to ascertain the character of the

material available for constructing the

dams, especially that which would be
excavated from the spillway for the main
dam. These borings confirmed details

about the valleybottom material and
also revealed the character and the pre-

cise elevations of the bedrock at the

various points in the valleybottom and
in the valleywalls.

Outcrops and the borings showed the

following succession of materials in the

valleywalls at the main damsite:— (1) V2
to iy2 feet of loessial loam, (2) iy2 to 15

feet of loess, (3) 2 to 16 feet of glacial

till, (4) an irregular bed of limestone,

(5) calcareous shale with lenticular con-

cretions, (6) coal up to 2Y2 feet thick,

(7) underclay up to 2 1
/2 feet thick, (8)

calcareous shale iy2 to 4 feet thick with

limestone lenses, and (9) shaly sand-

stone. The elevations of the coal bed
indicated a slight northward dip of the

beds. The coal, the underclay, and the

underlying calcareous shale were not re-

ported in all of the borings in which they

would be expected. The test-borings at

the site of the dividing dam showed a

succession of soil, loess, till, and bed-

* Reprinted from the Transactions, Illinois State Academy of Science, vol. 32,
Dec. 1939, pp. 169-70, 1940.

No. 2,
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rock essentially the same as at the main
damsite.

The data revealed by the test-borings

not only served to determine the best

position and alignment for the dams, but

they also provided fundamental informa-

tion for their design. The valleybottom

material was satisfactory for a founda-

tion so far as its bearing power was
concerned, and so the only question of

design was to make the base of the dam
sufficiently wide to distribute its weight

properly. Sheet piling was driven

through the yellow silt to the bluish-

gray silt at the main dam and to bed-

rock at the dividing dam to cut off sub-

dam seepage. The spillway was de-

signed to discharge its waters on the
sandstone formation.

Samples from the borings made to as-

certain the character of the source
materials were carefully analyzed and on
the basis of the results of analyses,

selected material was excavated and com-
bined in the dam in the approximate
proportions that had been determined
would be most stable.

Thus all the investigation and research

necessary to insure the geological

sufficiency of the damsites and the dam
materials were undertaken. All other

factors were similarly investigated and
analyzed, and certainly in this respect

the project was as complete and
thorough as could be desired.
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SOME CHEMICAL CHANGES IN COAL SAMPLES!
DURING STORAGE

O. W. Rees and M. L. Kalinowski*

The oxidation of coal has received con-

siderable study, especially in the com-

mercial aspects of the problem. In addi-

tion some work has been done on the re-

lation of oxidation to analysis.
1

'
2

'
3 ' 4 Ease

of oxidation increases, in general, with

decrease of rank of the coal; for example,

the high volatile bituminous coals such as

are found in Illinois oxidize rather easily

on exposure to air. An understanding of

the oxidation or weathering characteris-

tics is therefore desirable in the use and
study of these coals.

Knowledge of the effects of different

kinds of storage of laboratory samples of

coal is of the greatest importance to the

coal analyst. Oxidation of coal samples
may influence the analytical results mark-
edly, so that it is important that analysis

take place before such changes have oc-

curred.

Some of the factors which influence the

oxidation and deterioration of coal are

rank and type of coal, volatile matter

content, sulfur content, size, amount of

handling, presence of moisture, acces-

sibility of oxygen, temperature, and kind

of storage. Recently we had the oppor-

tunity of determining the effect of cold

storage on calorific and sulfate sulfur

values. A description of the methods of

sampling, storage, and analysis follows.

Sampling and Storage—Special column
samples about 10 by 12 inches in cross

section, and representing the entire thick-

ness of the coal seam were cut in several

different mines, and brought to the labora-

tory. Approximately one-fourth of each

column was cut for study and the remain-

ing samples were placed in long wood
boxes which were carefully covered with

paraffin and stored in the store room of

a local ice plant. The temperature of this

store room was controlled thermostati-

cally at 30 to 32° F. The samples were
allowed to remain in storage for about
one year when they were removed and
portions about 4 inches in cross section

by the length of the coal seam were cut

out and the rest of the coal discarded.

These newly cut column samples were re-

turned to the storage boxes, two or three

being placed in each box to conserve
space, the boxes were again paraffined,

and returned to the storage room of the

ice plant. After having been stored about

3% years they were removed, crushed and
analyzed.

At the time the column samples were
cut in the mine, channel samples taken

adjacent to the column samples were ob-

tained for analysis. Owing to the fact

that the analytical laboratories of the

Geological Survey were in the process of

building and organization at that time,

analyses of these samples were delayed

for some time. While the calorific values

obtained by these analyses may be some-

what lower and the sulfate sulfur values

somewhat higher than the original values

for the coal as taken from the mine, they

serve very well for comparison with the

values obtained for the samples after long

storage.

Analysis—Analyses of all samples were
made according to the standard pro-

cedures of the American Society for

Testing Materials, A. S. T. M. Designa-

tion D-271-33
5 with the exception that sul-

fate sulfur determinations were made ac-

cording to the procedure of Powell and
Parr.

6

Results—The results of analyses for

13 coal samples, both before and after

storage for 4^ years, are given in table 1.

B.t.u. values are given for the moisture

and ash-free basis for better comparison
while the sulfate sulfur values shown are

moisture free values. Reference to this

table will show definite losses in heating
values and increases in sulfate sulfur

values.

An attempt was made to correlate the

loss in B.t.u. of the various samples with

certain items of their proximate analysis.

It was found that a rough correlation

might be made between the ratio of fixed

carbon to volatile matter and the per

cent loss in B.t.u. taking place during

storage. This correlation is shown in

table 2. Reference to this table will

show a tendency for the loss in heat

value to decrease as the ratio of fixed

carbon to volatile matter increases. The

t Reprinted from the Transactions, Illinois State Academy of Science, vol. 32, No. 2,

Dec. 1939, pp. 120-1, 1940.
* Associate Chemist and Research Assistant, respectively, Analytical Division, Geochem-

ical Section, State Geological Survey. Published with permission of the Chief.
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Table 1—Analyses of Coals Before and After Storage

B. t. u.—moisture and ash free Sulfate sulfur--moisture free

Sample
Before
Storage

After
Storage

Loss
B. t. u.

Loss

%
Before
Storage

After
Storage

Gain
%

Gain
%of

original

A 14,186
14,205
14,140
14,073
13,981
14,295
14,102
13,872
14,001
13,862
14,395
14,463
14,561

14,164

13,703
13,751
13,766
13,824
13,849
13,923
13,585
13,446
13,568
13,707
14,303
14,263
14,223

13,839

483
454
374
249
132

372
517
426
433
155
92

200
338

325

3.40
3.20
2.64
1.77
0.94
2.60
3.67
3.07
3.09
1.12
0.64
1.38
2.32

2.29

0.09
0.09
0.12
0.10
0.19
0.14
0.04
0.06
0.06
0.10
0.02
0.05
0.03

0.08

0.44
0.51
0.46
0.45
0.36
0.35
0.40
0.55
0.33
0.24
0.05
0.15
0.08

0.34

0.35
0.42
0.34
0.35
0.17
0.21
0.36
0.49
0.27
0.14
0.03
0.10
0.05

0.26

390
B 470
C 280

D 350
E 89

F 150

G 900
H 820

I 450
J 140

K 150

L 200

M 170

Av 330

Table 2—Comparison of Ratio of Fixed Carbon to Volatile Matter to Loss in Calorific Value

Sample Volatile Matter Fixed Carbon Loss Per centb
Fixed carbon

Volatile matter

A 46.95
46.53
47.90
48.22
45.40
45.63
47.08
46.98
46.00
45.93
40.40
40.93
39.10

53.05
53.47
52.10
51.78
54.60
54.37
52.92
53.02
54.00
54.07
59.60
59.07
60.90

3.40
3.20
2.64
1.77
0.94
2.60
3.67
3.07
3.09
1.12
0.64
1.38
2.32

1.13

B 1.15

C 1.09
D 1.07
E 1.20
F 1.19

G 1.12

H 1.13
I 1.17

J 1.18
K 1.48
L 1.44
M 1.56

a All values moisture and ash free basis.
b Loss heat value in per cent.

fact that exceptions to this general

tendency appear indicates that other fac-

tors are involved in the oxidation of the

coal.

The increase in sulfate sulfur is due

to the oxidation of other forms of sulfur

in the coal. However, attempts to cor-

relate these increases with other analyti-

cally determined constituents proved un-

successful. It is unfortunate that pyritic

and organic sulfur values for the coal

after storage are not available for com-
parison with those determined before

storage. Such a comparison might show
the relative tendencies of these two forms
of sulfur to oxidize to sulfate sulfur

under the conditior.3 of storage studied.

It would be interesting to compare the

rate and amount of oxidation taking

place in these samples as stored with the

rate and amount of oxidation taking
place in similar samples stored at higher
temperatures. However, it has been
shown that appreciable oxidation did take

place as evidenced by resulting lower
heat values and higher sulfate sulfur

values.
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NOTES ON THE HISTOLOGY OF AN ILLINOIS PSARONIUS
Geraldine Moon1

University of Illinois, Urbana, Illinois

The specimens studied were collected

by Schopf and Carroll in 1938.
2 The

material was well preserved and the

peel method was used for sectioning. In

addition to a microscopic study of the

whole nitrocellulose peels, portions of

these films were mounted in balsam and
examined at high magnification.

Figure 1 shows that the character of

the stem is in general similar to other

species of polystichous Psaroniae that

have been described from American3 and
European collections. The vascular sys-

tem is polycyclic; i. e., the meristeles are

arranged in a more or less concentric

pattern, as in certain modern tree ferns

of the Cyatheaceae. The central meris-

teles are smaller and are much more ir-

regular in their relations. The vascular

strands are surrounded by ground tissue

which includes irregular sclerenchyma-

tous bands. Large mucilage ducts, appar-

ently lysigenous in origin, are also pres-

ent in the ground parenchyma. In the

peripheral region the mucilage ducts are

larger, more frequent and more regularly

arranged. Often there are two ducts

present on the concave adaxial side of

the leaf trace meristele. The stem is

bordered by a mass of adventitious cor-

tical roots.

Narrow bands of secondary growth are

irregularly present on as many as ten

of the meristeles. Secondary tracheids

are laid down in quite regular rows. Fig.

2 shows a camera lucida drawing of a

section through a secondary growth band
with ground parenchyma at the right and
primary xylem at left. Secondary xylem
may be centrifugal or centripetal or both
in its direction of growth. In longitud-

inal section these secondary tracheids

show scalariform pitting as in fig. 3. The

presence of secondary meristelar growth
in Psaronius is an anomalous feature

which seems previously unreported.
Among modern ferns, the Ophioglossaceae
are commonly known to produce second-

ary xylem. Farmer and Hill (1902)
4

have pointed out that in Angiopteris
evecta and in some species of Marrattia
certain cells situated next the meristele

may undergo division forming secondary
tracheids. The meristematic cells may
occur singly or in groups. Secondary
xylem in both Marrattiaceae and Psaron-
ius is another point which may indicate

their relationship.

It seems likely that phloem entirely

surrounded individuals meristeles. Groups
of parenchyma cells are scattered among
the tracheids in the meristele as shown
in figs. 4 and 5.

The free roots associated with this

Psaronius may become quite large (2 to

3 cm. in diameter). The thick outer

sclerenchyma is lost when they leave the

peridermous cortex of the stem. Most of

the cortex is lacunar as shown in Fig. 6.

This is a character common to roots of

modern hydrophytes and it probably in-

dicates a similar environment for Psaron-
ius. The stele is not precisely delineated

from the cortex since no layer of cells can
be definitely identified as endodermis.

Phloem tissue is not definitely distin-

guishable though some of these small

parenchymatous cells between the xylem
rays must have assumed this function.

The stellate xylem body is generally well

preserved. It may be pentarch, or hex-

arch as shown in fig. 7, and probably

varies within the same species. The pro-

toxylem cells all appear scalariform in

longitudinal sections and lack the char-

* Reprinted from the Transactions, Illinois State Academy of Science, vol. 32, No. 2,

Dec. 1939, pp. 95-7, 1940.
1 This research has been carried on in the Coal Division Laboratories of the Illinois State

Geological Survey. The author wishes to thank Dr. M. M. Leighton, Chief of the Survey, and
members of the Coal Division for the opportunity to study this material and for the use of
equipment and facilities provided.

2 Schopf, James M. A significant collection of American coal balls. Chronica Botanica
IV; 384-385, 1938.

3 See Gillette, N. J., Morphology of Some American Species of Psaronius, Bot. Gaz.
99:80-102, 1937.

4 Farmer, J. B. and Hill, I. G. On the arrangement and structure of the vascular strands
in Angiopteris evecta and some other Marrattiaceae. Annals of Bot. XVI ; 371-402, 1902.
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acteristic annual or spiral thickenings. to describe it as new species.
6 The pres-

This is unusual since the position of the ence of secondary growth in stem meris-

protoxylem is very definitely indicated teles and the absence of spiral or an-

by the small size of the tracheids. nular tracheids in protoxylem areas of

There are other unusual features as- the free roots seem to be new features

sociated with this Psaronius stem, so hitherto unreported from American
that it will probably be necessary later Psaronius material.

5 Description of the genus Psaronius and several previously described species are treated
by Hirmer, M. Handbuch der Palaobotanik I. Miinchen und Berlin, 1927, pp. 545-566.

Explanation of Plate.—Histology of Psaronius

Fig. 1.—Segment of stem: Scale indicated. This, and other figures except fig. 7, from
I. G. S. Coal Ball 137.

Fig. 2.—Meristele with secondary growth.

Fig. 3.—Longitudinal section through secondary xylem showing scalariform pitting.

Fig. 4.—Segment of meristele. Small xylem cells top center and below at left may
represent protoxylem. Some of the thin walled tissue above and below may be phloem.

Fig. 5.—Longitudinal section through meristele. Note included parenchyma (see also
fig. 4) and scalariform pitting.

Fig. 6.—Lacunar cortex of free growing Psaronius root.

Fig. 7.—Central tissues of free growing Psaronius root. Dark cells between stelar rays
have secretory contents. From I. G. S. Coal Ball 203A (T 1).
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